Background and Purpose-Delayed cerebral ischemia (DCI) is an important cause of poor outcome after aneurysmal subarachnoid hemorrhage (SAH). Trials of magnesium treatment starting <4 days after symptom onset found no effect on poor outcome or DCI in SAH. Earlier installment of treatment might be more effective, but individual trials had not enough power for such a subanalysis. We performed an individual patient data meta-analysis to study whether magnesium is effective when given within different time frames within 24 hours after the SAH. Methods-Patients were divided into categories according to the delay between symptom onset and start of the study medication: <6, 6 to 12, 12 to 24, and >24 hours. We calculated adjusted risk ratios with corresponding 95% confidence intervals for magnesium versus placebo treatment for poor outcome and DCI. Results-We included 5 trials totaling 1981 patients; 83 patients started treatment <6 hours. For poor outcome, the adjusted risk ratios of magnesium treatment for start <6 hours were 1.44 (95% confidence interval, 0.83-2.51); for 6 to 12 hours 1.03 (0.65-1.63), for 12 to 24 hours 0.84 (0.65-1.09), and for >24 hours 1.06 (0.87-1.31), and for DCI, <6 hours 1.76 (0.68-4.58), for 6 to 12 hours 2.09 (0.99-4.39), for 12 to 24 hours 0.80 (0.56-1.16), and for >24 hours 1.08 (0.88-1.32). Conclusions-This meta-analysis suggests no beneficial effect of magnesium treatment on poor outcome or DCI when started early after SAH onset. Although the number of patients was small and a beneficial effect cannot be definitively excluded, we found no justification for a new trial with early magnesium treatment after SAH. (Stroke. 2015;46:3190-3193.
P atients with an aneurysmal subarachnoid hemorrhage (SAH) still have a poor prognosis: around a third of patients die within the first month. 1 Delayed cerebral ischemia (DCI) is an important contributor to the poor outcome after SAH. 2, 3 DCI does usually not occur before day 3 or 4 after the SAH, and so in theory there is a time window to start with neuroprotective therapy after the hemorrhage but before the occurrence of DCI. 2 However, in a meta-analysis of all trials on magnesium therapy in SAH no effect on clinical outcome was found. 4 An explanation for the lack of a beneficial effect of magnesium might be that the study medication was started too late. In all trials on magnesium therapy in SAH, study medication could be started late, ≤4 days after the SAH. For example, in Magnesium in Subarachnoid Hemorrhage (MASH)-II, the largest study, the median time between the SAH and start of study drug was 37 hours. 4 We hypothesized that the cascade leading to DCI already begins very early after the SAH, and that earlier start of neuroprotection can influence this cascade and diminish the development of DCI and thereby poor outcome. However, the individual trials have insufficient power to assess the effectiveness of early magnesium treatment. Therefore, we performed an individual patient data analysis to study the effectiveness of intravenous magnesium sulfate started in three time intervals within the initial 24 hours after the SAH on clinical outcome and DCI after SAH.
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Methods
Trials that studied magnesium sulfate versus placebo in SAH patients were identified from our updated Cochrane meta-analysis that was performed as part of our publication of the MASH-II study in 2012, 4, 5 supplemented with a new PubMed search (search terms: magnesium, subarachnoid hemorrhage) performed for articles that were published in 2012 until December 2014. Also, we contacted the principal investigators of a large trial that was being conducted at the time, studying prehospital magnesium therapy in stroke patients, and asked them whether any aneurysmal subarachnoid hemorrhage (aSAH) patients were included. 6 We contacted all other principal investigators of the identified trials for participation in this meta-analysis. To participate, they should be able to provide at least the treatment allocation, clinical outcome between 3 and 6 months, age, sex, clinical condition on admission (with the World Federation of Neurological Surgeons score, WFNS), and time interval between SAH and start of study treatment. Data on occurrence of DCI were encouraged but not mandatory. A WFNS score of 4 to 5 was considered a poor clinical condition on admission. 7 The primary outcome measure was poor clinical outcome, defined as death or dependency at 3 to 6 months (a modified Rankin Scale score of 4-5 or death, a Glasgow Outcome Scale score of 1-3). The secondary outcome was DCI, where definition was left to the individual researchers of the included trials.
We categorized the included patients according to the time interval between the SAH and the start of the study drug as follows: within 6 hours, between 6 and 12 hours, between 12 and 24 hours, and later than 24 hours. If timing was not exactly known, because point of time of the SAH ictus was not known, we used the point of time when the patient was last seen well. With this approach, we assured that patients in the timing category <6 hours were really treated within 6 hours. For patients in later timing categories, some patients could actually have been treated earlier, but never later.
We performed analyses for poor outcome and DCI for each timing category and for all patients treated within 24 hours. We calculated risk ratios with 95% confidence intervals for poor outcome and DCI for magnesium versus placebo with Poisson regression analysis. Risk ratios were adjusted for age, sex, and clinical condition on admission.
All studies included in the review had ethical approval.
Results
Besides the 7 trials in the meta-analysis of 2012, 2 new trials were identified (including the trial aimed at stroke patients). 6, 8 Data were provided for 5 trials: MASH-I (Utrecht, The Netherlands), the international MASH-II, Intravenous Magnesium in Subarachnoid Hemorrhage (IMASH; Hong-Kong, China), MASH (Sydney, Australia), and Field Administration of Stroke Therapy -Magnesium (FAST-MAG; Los Angeles, CA; Figure 1 ). 4, 6, [8] [9] [10] The aSAH trials ranged in size from 162 to 1204 patients. The stroke trial included 1700 patients in total, from whom 5 patients had an aSAH, who were included in this study. 6 Treatment regimens differed slightly between the trials ( with clinical features suspect of DCI, 9 2 used a definition of either computed tomography infarction or clinical signs, 4,10 one study used angiographic vasospasm without a clinical definition as outcome measurement, 8 and in one study no information was available on DCI. 6 Because angiographic vasospasm is different from the other definitions of DCI, we decided not to include the patients of this trial in the analysis for DCI. The 5 included trials totaled 1981 patients, 997 received magnesium therapy and 983 placebo, in 1 patient the randomization code was lost. We had to exclude 10 patients because time between SAH and start of study medication could not be established. For the analysis of poor outcome, 5 more patients were excluded because outcome was unknown, leaving 1965 patients for analysis. Because the patients of 2 trials were not included for DCI analysis, 1804 patients were available for the analysis of DCI. Baseline characteristics of the patients in the different timing groups are shown in Table 2 .
In none of the timing groups, the adjusted risk ratio of magnesium treatment showed a statistically significant effect or trend toward good outcome (Figure 2) . Also for DCI, in none of the timing groups, we saw a statistically significant effect of magnesium treatment toward less DCI (Figure 3 ).
Discussion
In this individual patient data meta-analysis of randomized clinical trials on magnesium treatment in SAH, we found no beneficial effect on poor outcome or DCI in patients who were treated within 6, between 6 and 12, or between 12 and 24 hours after the SAH.
There were only 83 patients who were treated within 6 hours, making the estimates for poor outcome and DCI in this time window imprecise. Although no definite conclusions can be drawn, in this small subgroup not even a hint toward a beneficial effect was found.
We also included 5 patients of the FAST-MAG trial that was not aimed at aSAH patients but at stroke patients with deficits in general (ischemic and hemorrhagic stroke) and studied early, prehospital administration of magnesium. 6 The trial totaled 1700 stroke patients and trial medication was started within a median time of 45 minutes after the ictus, and no effect on outcome was shown. This is in line with our negative result of early magnesium administration in patients with SAH.
Strong points of our study are that with an individual data meta-analysis, we were able to create subgroups according to timing that could not be assessed in the original trials, because of too small numbers per subgroup in the original studies. The trials were similar with regard to treatment schedule, inclusion and randomization of patients, outcome measures, and outcome results. If the exact timing of the SAH was unknown, we used the last seen well-time to calculate the time between SAH and start of study treatment, to assure that patients in the <6 hours timing category were really treated within this time frame. The main weakness is that even in this meta-analysis, we found that only 83 of 1981 patients were treated within 6 hours. Apparently, early inclusion is difficult, for example, because of delays in reaching the hospital or admittance during the night when the informed consent procedure was postponed until the next day. Another weak point might be that we could not include data of 4 trials, because the principal 2 . Adjusted risk ratio (RR) for poor outcome for magnesium versus placebo, according to timing category. CI indicates confidence interval. investigators did not respond to our request. However, these were all small studies and totaled only 237 patients and they did not aim at early study treatment, so we do not expect that this has substantially influenced our results.
In conclusion, our data show no beneficial effect of magnesium treatment in SAH and do not justify a trial studying early magnesium treatment in patients with SAH.
